Acetabular component orientation in total hip arthroplasty (THA) influences results. Intraoperatively, the natural arthritic acetabulum is often used as a reference to position the acetabular component. Detailed information regarding its orientation is therefore essential. The aim of this study was to identify the acetabular inclination and anteversion in arthritic hips.
Introduction
The success of total hip arthroplasty (THA) is closely linked to the positioning of the acetabular component. Malalignment increases rates of impingement, dislocation, acetabular migration, pelvic osteolysis and polyethylene wear. [1] [2] [3] [4] [5] [6] [7] [8] The natural anatomy of the arthritic acetabulum is used by many surgeons to guide acetabular component orientation. The bony acetabular rim can be used as reference points for orientating the acetabular component this way. Low rates of dislocation have been reported using this technique. 9 Detailed understanding of the natural anatomy and orientation of the acetabulum in arthritic hips is therefore of great relevance. Lewinnek et al 4 described a 'safe zone' of acetabular component orientation (radiographic anteversion 15° ± 10°; radiographic inclination 40° ± 10°) and reported an increased rate of dislocation from 1.5% to 6.1% in hips falling outside of these ranges. Although not definitive, many surgeons accept this 'safe zone' as a target for orientation outcome. 10 Other work has identified 'safe zones', with various ranges of inclination and anteversion, that also reduce rates of dislocation. 5, 7, 11 Variability, between surgeons, of target angles for acetabular component orientation is influenced by surgical approach and the definition of acetabular component orientation used by the individual surgeon. [12] [13] [14] The aim of this study was to describe the anteversion and inclination of the natural acetabulum in hips with primary osteoarthritis, in both men and women, and to identify the number that fall outside of the 'safe zone' described by Lewinnek et al 4 (anteversion 15° ± 10°; inclination 40° ± 10°).
Materials and Methods
This study was a retrospective data review and so was carried out under the clinical governance procedures of our institution. All patients with symptomatic primary osteoarthritis undergoing THA under the care of the senior author between January 2009 and May 2010 using one computer navigation system, were included. Patients operated on without using navigation, using a different navigation system or having incomplete data were excluded, as were those diagnosed with dysplastic hips (DDH), rheumatoid arthritis, slipped upper femoral epiphysis and previous trauma to the hip. Demographic data including age, gender, race, side of operation and body mass index (BMI) had been collected. In all cases, postoperative anteroposterior and lateral x-rays were taken. Computer-navigated THA was carried out using a commercially available non-image-based computer navigation system (Orthopilot, B. Braun Aesculap, Tuttlingen, Germany) as part of routine clinical care. Every procedure and therefore all measurements were carried out by a single consultant orthopaedic arthroplasty surgeon who was beyond the learning curve in computer-navigated THA, or by a registrar under his supervision. Rigid bodies (attached to active computer navigation trackers) were fixed to the pelvis and femur. The anterior pelvic plane was registered with a tracker using the two anterior superior iliac spines and pubic symphysis as reference points, in accordance with the navigation system workflow. The femoral head was then dislocated and removed. The fat pad and soft tissue was excised to clear the floor of the acetabulum. The acetabular labrum was excised to expose the bony acetabular rim margin, and any osteophytes were excised back to the level that, in the surgeon's opinion, represented the original bony anatomy. The inner surface of the empty acetabulum was sized with acetabular component trials. The trial acetabular component of appropriate size, which fitted the acetabular cavity well, was attached to a computer tracker and then aligned in the orientation of the natural acetabulum as defined by the bony acetabular rim. This was done before any reaming of the acetabulum was attempted. This orientation was recorded by the computer software. The inclination and anteversion were calculated and stored by the computer software as radiographic inclination and anteversion in relation to the anterior pelvic plane as defined by Murray. 15 Surgery then proceeded as routine with guidance of the computer navigation system. Statistical analysis. SPSS 17.0 software (SPSS Inc, Chicago, Illinois) was used for statistical analysis. T-tests were used to test for differences between men and women for the measured orientations, and chi-squared tests were used to compare those falling outside of the limits defined by Lewinnek's 'safe zone'. 4 
Results
There were 143 THA during the time period. A total of 46 underwent operation without using computer navigation and 14 underwent operation using a different navigation system. Of the 83 patients fulfilling the inclusion criteria, 18 either met one of the exclusion criteria or did not have full data and were therefore excluded. This left a series of 65 hips in the study. There were 29 men and 36 women (33 right hips and 32 left hips). All patients were Caucasian and had primary osteoarthritis. The mean age was 68 years (SD 8) and mean BMI was 29 (SD 6.3). The mean natural acetabular inclination was 51.4°( SD 7.2), and mean anteversion was 11.7° (SD 10.7). There was no significant difference between men and women for inclination (Table I, Fig. 1 ). However, mean anteversion was significantly greater in women than men (Table  I, Fig. 2 ). This did not equate to a statistically significant difference in the number of women compared with men that fell outside Lewinnek's 'safe zone' (Table I ). Overall, 75% of patients had an inclination or anteversion of the native acetabulum that fell outside Lewinnek's 'safe zone' (Fig. 3) .
Discussion
This study of the natural acetabular orientation of 65 hips with primary osteoarthritis found the mean acetabular inclination to be 52.1° (SD 6.7) in women, 50.5° (SD 7.8) in men and mean acetabular anteversion to be significantly different (14.4°; SD 11.6 in women and 8.3°; SD 8.7 in men). Orientation fell outside of Lewinnek's 'safe zone' in 75% of cases.
This study has a number of limitations. Imageless computer navigation can accurately measure acetabular inclination and anteversion. It has been validated to a precision of 1° and bias of 0.02° for inclination and a precision of 1.3° and bias of 0° for anteversion. 16 During surgery the accuracy may not be as good because the anterior superior iliac spines and pubic symphysis have to be registered through skin. This can result in errors in the computer measurement of acetabular orientation. 17 This can be a particular problem in those patients with a high level of fat over the pelvis. There were no reported problems with registration of anatomical landmarks in the cases in this study but as this study is retrospective these errors are unquantified. However, recent publications and our own data have shown that accuracy of acetabular component placement in navigated THA is not affected by BMI. 18 In addition, Fukunishi et al 19 found there was good correlation between intraoperative assessment and post-operative CT scan using the same navigation system used in this study. Another limitation is that the reliability of the assessment of the acetabular orientation cannot be calculated as it was only measured once for each patient. The findings of this study only represent a Caucasian population with primary osteoarthritis. Care must be taken when extrapolating these results to populations in which other pathologies of the hip are present, in particular DDH. The same is true of populations comprising patients of different ethnicity. Published literature from studies done using CT correlate with a number of our findings in relation to natural acetabular orientation. As we found in our study, Atkinson et al 20 demonstrated that mean acetabular inclination in arthritic hips falls outside of Lewinnek's 'safe zone' whereas mean anteversion falls within. Merle et al 21 also found this in their study. Atkinson et al 20 also identified a statistically significant difference between men and women in terms of mean acetabular anteversion. They found the degree of difference to be 5.5°. We found a similar difference of 6.1°.
Murtha et al 22 used CT imaging to study 42 hips free of arthritic disease and found mean acetabular inclination to be 57.1° in women and 55.5° in men, and the mean acetabular anteversion to be 24.1° in women and 19.3° in men. 22 They too identified a significant difference between men and women in terms of anteversion and that the orientation of the natural acetabulum did not match the 'safe zone' of acetabular component placement described by Lewinnek et al. 4 The mean angles of inclination and anteversion found by Murtha et al 22 differ from those identified in our study. Our study was done in arthritic hips and these differences may reflect the differences in acetabular orientation created by degenerative arthritic disease or indicate that the hips that develop arthritis tend to be less anteverted.
Comparison with reported acetabular orientations in the literature can be difficult. This is because many papers use mixed definitions of acetabular component inclination and anteversion. 13 Failure to recognise differences between angles measured with respect to the anterior pelvic plane and coronal plane causes discrepancies, as does failure to standardise results as radiographic, anatomical or operative, as defined by Murray. 15 When comparing the orientation of hips to Lewinnek's safe zone, the values must be represented as 'radiographic' values with respect to the anterior pelvic plane. 4, 13 This again is something that is not done consistently in current published literature. 13 Merle et al 21 have used anatomic values to represent this, which may explain their relatively higher mean inclination of 62.1° (SD 7.46) compared with other studies (Atkinson 20 ) and our observation of inclination of 51.4° (SD 7.2).
Merle et al 21 converted the Lewinnek to their anatomical definition and found that 80% of hips were out of the safe zone. Our study found similar numbers (75%) to be outside of the safe zone.
We found that mean acetabular inclination was 50.5° in men and 52.1° in women, and that mean acetabular anteversion was 8.3° in men and 14.4° in women. However, the orientation differs with individuals. When natural acetabular orientation was compared with the 'safe zone' described by Lewinnek et al 4 , 75% fell outside of this range. When using natural acetabular orientation to guide component placement, it is important to be aware of the differences between men and women, and that the natural orientation may fall outside of what many consider to be a safe zone, especially with regard to inclination. Scatter graph showing the number of male and female native arthritic acetabuli that were outside the Lewinnek 4 safe zone.
